domain, although the structural basis of this mechanism apoptosis independent of heterodimerization with BCL2 members, we propose that BID can induce mitochonis unclear.
BID is a proapoptotic member of the BCL2 family drial damage through both BH3 domain-dependent and -independent mechanisms. that shares only the BH3 domain homology with other members of the family in its amino acid sequence. It has recently been established as an intracellular messenger
Results and Discussion connecting the FAS receptor and the death-inducing complex at the cytoplasmic membrane to the mitochonStructure Determination drial death machinery (Li et al., 1998; Luo et al., 1998).
The structure of full-length BID was defined by a total The full-length BID is inactive and present in the cytoof 2202 NMR-derived distance constraints. For residues solic fraction of living cells. Upon cleavage by Caspase 42-78, no long-range NOEs were observed. The local 8, the COOH-terminal part of BID then translocates to sequential NOE patterns and transverse
15
N relaxation mitochondria and is sufficient to trigger cytochrome c rates (data not shown) of this region are characteristic release in isolated mitochondria. BID demonstrates of an unstructured and flexible loop. Interestingly, BCLsome very unique and important properties after cleav-X L also has a long flexible loop (consisting of approxiage by Caspase 8. In addition to the ability of truncated mately 64 residues) near the N terminus (Muchmore et BID to translocate from cytosol to mitochondria, trunal., 1996). In addition to residues 42-78, the N-terminal cated BID has at least a 10-fold higher affinity toward 12 residues of BID, including Gly-1 and Ser-2 (which are BCL-X L and is 100 times more efficient in inducing cytopart of the thrombin cleavage site in the GST fusion chrome c release from mitochondria compared to its protein), are not defined in the structure. However, this full-length precursor (Li et al., 1998) . Though Table 1 . length BID. We also found that the four highly conserved The precision of this structure can also be assessed hydrophobic residues of the BH3 domain that are refrom the dispersion of the 15 superimposed backbone sponsible for heterodimerization are surface exposed traces shown in Figure 2A . in BID, suggesting their readiness to bind BCL-X L . Additionally, we monitored the conformation change in BID Structure Overview during Caspase 8 cleavage and found that the overall The three-dimensional structure of BID is illustrated in structural integrity of BID is preserved after it is cleaved. (Sattler et al., 1997) . This is expected, since the corresponding residues are also buried in BCL-X L ( Figure 3C) , which was the structural template for BAK modeling. As a result, the authors suggested that binding to BCL-X L would necessitate a conformational change near the BAK BH3 helix to expose the hydrophobic surface of that helix. Furthermore, it was pointed out that such a conformational change is facilitated by the presence of the highly flexible loop preceding the BH3 helix.
Interestingly, residues I86, L90, V93, and M97 of the BID BH3 domain are surface exposed and ready to bind to a hydrophobic cleft. The surface representation of BID ( Figure 3B ) shows that these residues form an elongated hydrophobic patch on H3, adjacent to H8. Among these four residues, V93 and M97 completely point outward, whereas I86 and L90 are partially exposed and make contact with the hydrophobic residues on H8 ( Figure  4A ). Based on the information from the BCL-X L -BAK peptide complex (Sattler et al., 1997) , it is likely that I86 and L90 of BID are released from H8 and turn completely into the binding groove during heterodimerization. Additionally, the side chain of a highly conserved charged X L ), we were able to obtain a heterodimer model in which 
Mechanism of BID Activation by Caspase 8
in Figure 5B are the times at which the individual experiment was started. Since each 
